Larger ratios of males to females were found among fawns from herd units where forage production on the summer ranges was low and the forage base was dominated by browse. Summer ranges where forage production was high and domhted by forbs produced even or female dominated sex ratios. The number of deer harvested per unit area was correlated with sex ratio of the fawn crop: harvests were lower where males were significantly overrep resented in the fawn crop and higher where sex ratios were even or female biased.
We previously reported the comparative productivity of mule deer on 2 southeastern Utah mountains that differed markedly in summer range condition but had winter ranges of comparable quality Harper 1978, 1979) . The La Sal Mountain mule deer herd was shown to consistently produce about 40% more fawns per doe than the Henry Mountain herd. Deer from the La Sals were also larger than animals of the same age and sex from the Henrys (Pederson and Harper 1978) . We could detect no difference in either disease incidence or predation between the 2 herds, but the La Sal Mountain summer range was in good to excellent condition, and the forage base for deer was dominated by forbs. In contrast, the Henry Mountains summer range was in poor to fair condition, and the forage base was heavily dominated by shrubs (Pederson and Harper 1978) .
Since considerable evidence suggests that nutrition may influence the sex ratio of offspring born to a variety of cervid (deer) species (Julander et al. 1961; Verme 1965 Verme , 1967 Verme , 1969 Bannikov 1967; Robinette et al. 1973 Robinette et al. , 1977 McCullough 1979) , we expanded our previous study to include a comparison of sex ratios in mule deer herds on 7 ranges known to vary among themselves in respect to vegetative condition.
Sex ratio statistics have many implications for management. Medin and Anderson (1979) found that a 4% shift toward females in the ratio resulted in a 16% increase in fawn production. If range condition can be shown to be correlated with herd sex ratios, managers may be able to manipulate sex ratios through management of the forage base. Managers may also be better able to anticipate herd growth potential and prescribe more suitable management and harvest programs through a knowledge of range conditions coupled with inexpensive demographic studies. 
Methods
Our research design required that both deer harvest and forage data be available for each deer herd unit included in the study. The analysis of 141,458 m* of vegetation transects provided the forage production and composition data for our study. Sex of fawns was determined by game biologists. Only samples that included at least 60 sexed fawns per herd unit were used. Herd units where deer winter range had been significantly reduced by encroachment of agricultural or urban developments were excluded from consideration. Estimates of weighted average forage production across entire herd units required knowledge of area1 extent of each vegetational type as well as annual production and relative contribution of shrub, grass, and forb tissue in that vegetation type.
Offspring sex ratios were obtained in a period when it was legal for hunters to harvest fawns of the year. Even with either sex harvests, there may be a bias toward the harvest of males (Robinette et al. 1977) . Accordingly, the sex ratios reported here may be slightly biased in favor of males, but we assume the bias to be uniform among herd units. Animals were aged using the tooth replacement and wear technique (Robinette et al. 1957) .
Since buck-only hunts were initiated in management of some mule deer herds in Utah in 1973, we confined our analysis to records from the 1966-72 period. A total of 106,582 deer including 3,226 fawns were harvested from the units selected. Basic demographic data were drawn from the annual Utah Big Game Investigations and Recommendation
Reports published by the Utah Division of Wildlife Resources (Stapley 1969 , John 1978 . Vegetational data were taken from reports by Coles and Pederson (1969) , King and Olsen (1972) , and Giunta (1979) . All preseason doe-fawn counts were based on samples of 200+ animals.
Preliminary analysis and prior work (Pederson and Harper 1978) showed summer range conditions were more closely correlated with herd productivity parameters than were conditions on winter ranges on the herd units selected for analysis. Accordingly, our investigations here utilize summer range parameters [area of vegetation types, average forage production, relative contribution of shrubs (leaves and twigs), grasses and forbs to the forage crop, and deer harvest stated in terms of animals per unit area of summer range].
In order to compare the over-all environment associated with the 7 herd units, we considered elevation, average precipitation, and geological parent materials as possible influencers of herd production. Maximum elevation on each area was taken from U.S. Geological Survey maps. Precipitation estimates for each herd unit were taken from a U.S. Department of Commerce map (State of Utah Normal Annual Precipitation, 1931 -1960 . Herd unit boundaries for each unit in the study were drawn on the precipitation map, and area in each precipitation zone was determined. Soil parent material was determined from a geological map (Hintze 1975) . Herd unit boundaries were again drawn on the map, and predominant parent materials were determined for each unit.
Variations in fawn/sex ratios and other population parameters were correlated with range condition parameters (total annual forage production and composition) on the individual herd units using simple correlation procedures (Snedecor and Cochran 1967) .
Results
Sex ratios among fawns harvested in October during the years 1966-72 differed significantly from unity in 3 of the 7 herds (Table  1) . It is assumed the sex ratio of harvested fawns was representative of all fawns surviving to mid-October in the herd units considered during the 1966-72 period. Sex ratios (males/females) ranged from 0.68 to 2.10 among the herds. The fawn sex ratio for the San Juan-Blue Mountains herd was significantly less than 1 .O (females exceeded males), while 2 other herds (Currant Creek and North Book Cliffs) had significantly more male fawns than would have been expected assuming a 1: 1 sex ratio. Such results suggest that local habitat conditions have exerted a significant influence on the sex ratio of some herds. significantly more females than males (r=.79 when the logarithm of percent forbs was evaluated as the independent variable). The logarithm to base 10 transformation of percent forbs in the forage crop was more strongly correlated with herd productivity and sex ratio than was percent composition of forbs per se, since the untransformed relationship was nonlinear. Geological parent material, elevation, and weighted average precipitation were not significantly correlated with number of animals harvested per unit area or the proportion of males and females in the fawn crops.
In order to test the hypothesis that food availability exerted a significant effect on fawn sex ratios, data on annual forage production were correlated with sex ratios and composition on the herd units considered (Table 2) . Two additional population parameters (animals harvested per unit area and fawns per doe; Table 1 ) that were likely to be affected by habitat quality were also correlated with forage variables. There latter tests were designed as further checks on the assumption that amount and composition of forage on a herd unit did affect deer reproductive performance. The herd units varied widely in respect to both deer harvested per unit area (range of 1 .OS to 8.56 deer/ yr/ km2 of summer range) and fawns per 100 does (range from 76.1 to 95.3 fawns/ 100 does).
Total forage production and percent of total production contributed by forbs were also significantly correlated with herd productivity as indicated by October fawn:doe ratios. In addition, forage production and relative contribution of forbs were positively correlated with the number of fawns/ 100 does (pre-hunt counts), but those relationships were not statistically significant. The proportion of shrub tissue in the forage base was negatively correlated with herd productivity and positively correlated with sex ratio among fawns, but the relationships were not significant (PI. IO, p1.05). The proportion of grass in summer forage did not appear to be related to either herd productivity or sex ratio.
Discussion
These data support the hypothesis that summer range forage conditions influence sex ratios among fawns of the year. Since ranges that produced more male than female fawns also showed low deer harvest rates and smaller numbers of fawns per doe (Table  l) , we conclude that range condition was lower on these ranges than on ranges where sex ratios were even or females out numbered males. In this study the more productive summer ranges (usually at higher elevations in Utah) produced more female than male fawns. The forage base of such rangs included over 25% forbs by weight. Analysis showed that both amount of forage and composition of The literature suggests forbs are both richer in protein and forage were significantly correlated with sex ratios. Less producphosphorus and more digestible by herbivores than either grasses tive ranges produced more male than female fawns, while the or shrubs (Nordan et al. 1968, Torgerson and Pfander 1971, Short reverse was true on more productive ranges (~85). Likewise, 1971, Urness 1973 , Snider and Asplund 1974 , Wallmo et al. 1977 ranges where forbs were not an important component of the vege- Tueller 1979) . In respect to both tissue chemistry and digestibility, tation generated more males than females in the fawn crop, but the foregoing references show grasses resemble forbs more closely ranges where forbs were abundant produced balanced sex ratios or than shrubs. In that context, it is of interest that in this study, herd productivity (harvest/ unit area and fawns/ 100 does) declined and sex ratio (males/ female) among fawns increased as shrubs increased proportionally in the forage crop. Differences in protein content and digestibility between shrubs and forbs may explain the disparate effects those groups of plants seemed to exert on deer populations in this study. Although the summer ranges we studied seemed to exert a stronger influence on mule deer population dynamics than winter ranges in this study, the reverse is undoubtedly true for many other herds in the West (Wallmo 198 1) . In Utah, herd units in northern Utah are especially likely to be winter range limited.
Our data are inadequate to conclusively demonstrate that range quality alters sex ratio among deer offspring, but the results are strong enough to justify further work. In Utah, several ranges that once supported large mule deer herds have experienced precipitous declines in deer numbers in the past 40 years. Those herds now show little tendency to increase even in the absence of hunting. In all cases, those herds are on ranges that appear to have had a major decline in range condition such that unpalatable shrubs have increased and palatable grasses and forbs have decreased. In the only case in which such a herd has been studied carefully over an extended time period, there appears to have been a gradual increase in the male-to-female ratio among fawns (Robinette et al. 1977) . Our ability to successfully manage such herds would be greatly improved if we definitely knew whether range condition could alter the sex ratio of the fawn crop.
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